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(57) A reaction vessel for a nucleic acid amplifica- 
tion reaction has a first chamber containing an amplifi- 
cation reagent mix. a second chamber containing an 
amplification enzyme and a fluid channel or chamber 
connecting the first and second chambers together A 
fluid sample is introduced into the first chamber. After a 
denaturation and primer annealing process has oc- 
curred «n the first chamber the fluid chamber is opened 
to allow the solution of the reagent and fluid sample to 
flow into the second chamber. The second chamber is 
maintained at an optimal temperature for the amplifica- 
tion reaction 

A station is described for processing test strips in- 
corporating the reaction vessels The station includes 
temperature and vacuum control subsystems to main- 
tain proper temperatures m the reaction vessel and ef- 
fectuate the transfer of the fluid from one chamber to the 
other m an automated fashion without human interven- 
tion 
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Description 



Th,s invention relates to the field of the equipment 
and methods used for performing nucleic acid amplifi- 
cation reactions More specifically, the invention relates 
to a novel disposable dual chamber reaction vessel for 
a nucleic acid amplification reaction and a station for 
conducting the reaction in the reaction vessel 

Nucleic acid based amplification reactions are now 
widely used in research and clinical laboratories for the 
detection of genetic and infectious diseases. The cur- 
rently known amplification schemes can be broadly 
grouped into two classes, based on whether after an 
initial denaturing step (typically performed at a temper- 
ature of > 65 degrees C) for DNA amplifications or for 
RNA amplifications involving a high amount of initial 
secondary structure, the reactions are driven via a con- 
tinuous cycling of the temperature between the dena- 
turation temperature and a primer annealing and ampli- 
con synthesis (or polymerase activity) temperature or 
whether the temperature is kept constant throughout the 
enzymatic amplification process. Typical cycling reac- 
tions are the Polymerase and Ligase Chain Reaction 
(PCR and LCR. respectively). Representative isother- 
mal reaction schemes are NASBA (Nucleic Ac.d Se- 
quence Based Amplification), Transcription Mediated 
Amplification (TMA), and Strand Displacement Amplifi- 
cation (SDA). In the isothermal reactions, after the initial 
denaturation step (if required), the reaction occurs at a 
constant temperature, typically a lower temperature at 
which the enzymatic amplification reaction is optimized. 

Prior to the discovery of thermostable enzymes 
methodologies that used temperature cycling were se- 
riously hampered by the need for dispensing fresh 
polymerase after each denaturation cycle, since the el- 
evated temperature required for denaturation inactivat- 
ed the polymerase during each cycle. A considerable 
simplification of the PCR assay procedure was achieved 
with the discovery of the thermostable Taq polymerase 
(from Thermophilus aquaticus). This improvement elim- 
inated the need to open amplification tubes after each 
amplification cycle to add fresh enzyme This led to the 
reduction of both the contamination risk and the en- 
zyme-related costs The introduction of thermostable 
enzymes has also allowed the relatively simple automa- 
tion of the PCR technique Furthermore this new en- 
zyme allowed for the implementation of simple dispos- 
able dev.ces (such as a single tube) for use with tem- 
perature cycling equipment 

TMA requires the combined activities of at least two 
(2) enzymes for which no optimal thermostable variants 
have been described For optimal primer annealing in 
the TMA reaction, an initial denaturation step (at a tem- 
perature of > 65 degrees C) is performed to remove sec- 
ondary structure of the target The reaction mix is then 
cooled down to a temperature of 42 degrees C to allow 
primer annealing This temperature is also the optimal 
reaction temperature lor the comb.ned activities of T7 



RNA polymerase and Reverse Transcriptase (RT) 
which includes an endogenous RNase H activity or is 
alternatively provided by another reagent The temper- 
ature is kept at 42 degrees C throughout the following 
s isothermal amplification reaction The denaturation 
step which precedes the amplification cycle, however 
forces the user to add the enzyme after the cool down 
period in order to avoid inactivation of the enzymes. 
Therefore, the denaturation step needs to be performed 
io separately from the amplification step. 

In accordance with present practice, after adding 
the test or control sample or both to the amplification 
reagent mix (typically containing the nucleotides and the 
prime) the tube is subject to temperatures > 65 degrees 
is c and then cooled down to the amplification tempera- 
ture of 42 degrees C. The enzyme is then added man- 
ually to start the amplification reaction. This step typi- 
cally requires the opening of the amplification tube The 
opening of the amplification tube to add the enzyme or 
20 the subsequent addition of an enzyme to an open tube 
is not only inconvenient, it also increases the contami- 
nation risk. 

The present invention avoids the inconvenience 
and contamination risk described above by providing a 
25 novel dual chamber or "binary" reaction vessel, a reac- 
tion processing station therefor, and methods of use that 
achieve the integration of the denaturation step with the 
amplification step without the need for a man ual enzyme 
transfer and without exposing the amplification chamber 
30 to the environment. The contamination risks from sam- 
ple to sample contamination within the processing sta- 
tion are avoided since the amplification reaction cham- 
ber is sealed and not opened to introduce the patient 
sample to the enzyme. Contamination from environ- 
35 mental sources is avoided since the amplification reac- 
tion chamber remains sealed. The risk of contamination 
in nucleic acid amplification reactions is especially crit- 
ical since large amounts of the amplification product are 
produced The present invention provides a reaction 
40 chamber design that substantially eliminates these 
risks 

In a preferred form of the invention, a dual chamber 
reaction vessel is provided which comprises a single or 
unit dose of reagents for a reaction requiring difierent.al 
js heat and containment features, such as a nucleic acid 
amplification reaction (for example. TMA reaction) pack- 
aged ready for use The dual chamber reaction vessel 
,s designed as a single use disposable unit The reaction 
vessel is preferably integrally molded into a test strip 
so having a set of wash and reagent wells for use in a am- 
plification product detection station Alternatively, the re- 
action vessel can be made as a stand alone unit with 
flange or other suitable structures for being able to be 
.installed >n a designated space prov.ded in such a test 

55 strip , 
in the dual chamber reaction vessel two separate 
reaction chambers are provided in a preferred form of 
the invention The two ma.n reagents for the reaction 
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are s.ored in a spat.ally separated -ashion One cham- 
be, nas the heat stable sample/amp..l,cat.on reagent 
(con^Tn-ng pr.mers. nucleot.des and other necessary 
salts and buffer components), and the other chamber 
conta.ns the heat labile enzymatic reagents, eg 

The twochambers are ..nked toeach other by a fluid 
channel extending from the first chamber to the second 
chamber. A means is provided for controlling or allow n 9 
, he flow of fluid through the fluid channel from the f rst 
chamber to the second chamber In one 
membrane is molded into the react.on vessel that seals 
off the fluid channel A revocable plunger or othe sal- 
able structure is prov.ded in the reaction vessel (onn 
the processing station) in registry w.th the ^mbrane. 
Actuation o, the plunger causes a breaking o he mem- 
brane seal, allowing fluid to flow through the fluid chan 
nel. Differential pressure between the two chambers as- 
sists in transferring the patient or c.inica or contro 1 sam- 
ple through the fluid channel from the .chamber to 
e second chamber This can be accompl.shed by ap- 
plying pressure to the first chamber or apply-ng vacuum 
to the second chamber. 

Other types of fluid flow control means are contem- 
pt* such as providing a valve in the fluid channel. 
Several different valve embodiments .are descr bed. 

,n use the fluid sample is introduced into the first 
chamber and the first chamber is heated to a denature- 
TonTemperature (e.g.. 95 degrees CV After the amp. , 
cation reagents in the first chamber have reacted wrth 
the fluid sample and the denaturation Pashas be ten 
completed, the first chamber is quickly cooled to 42 de- 
grees C .or primer annealing The two chambers ^of the 
reaction vessel are not in fluid communicat.on with each 
other prior tocomp.etion of the denaturation and cooling 
step After these steps are complete, the means for con- 
trofing the flow of fluid is operated to allow the react on 
solution to pass through the fluid channel from the hrst 
chamber to the second chamber For example, the valve 
in the fluid channel is opened and the fluid sample is 
directed into the second chamber either by pressure or 
vacuum techniques. The reaction solution is then 
brought into contact with the amplification ^zyrne(s (e 
o T7 and/or RT) and the enzymatic amplification proc- 
ess proceeds ,n the second chamber at 42 degrees C 

m a preferred embodiment after completion of the 
reaction a SPR® (solid phase recept ac.e, e- ike 
device is introduced into the second chamber Hybrid 
zation wash.ng and opt.cal ana.ys.s then proceed un 
accordance w.th well known techniques in order to de 
tect the amplification products 

An integrated stand-alone processing station for 
orocessmg a reaction ,n the dual chamber react.on ves- 
P sL" "co'dance w„h presently pre.erred embod.men s 
o, the invention ,s described The processing stat o in- 
cludes a tray for carrying ,n proper alignment a plurality 
of test strips a temperature control subassembly o 
maL.ning the two chambers ol the reaction vessel at 



the proper temperatures a mechan.sm to open the fluid 
channel connecting .he two chambers togelhe an la 
vacuum subassembly for provid.ng vacuum to the sec- 
ond chamber to draw the fluid sample from the firs, 
s chamber into .he second chamber 

Pres ent.y preferred embodiments of .he -nvention 
will be described in conjunction w.th the appended draw- 
ings, wherein like reference numerals refer to l.ke ele- 
ments in the various views, and in which. 

Figure V is a schemat.c representation of a dispos- 
able dual chamber reaction vessel and the heating 
steps associated therewith to perform an isothermal 
amplification react.on. i.e.. a TMA reaction, .n ac- 
,s cordance w.th one possible embodiment of the m- 

FiTu're'lj is a schematic representation of alternative 
torm of the invention in wh.ch two separate react.on 
chambers are combined to form a dual chamber re- 

20 action vessel: „^,,~ r 
Fiqure 3 is a schemat.c representation of two alter- 
native embodiments of a dual chamber react.on 
vessel that are snapped into place in a test strip for 
processing with a solid phase receptacle and opt.- 
25 cal equipment in accordance with a preferred em- 
bodiment of the invention: 

Fiqure 4 .s a schematic representation of an alter- 
native embodiment of a dual chamber react.on ves- 
sel formed from two separate chambers lhat are 
30 combined in a manner .o permit a fluid sample in 
one chamber to be transferred to the other cham- 
ber w.th the comb.ned dual chamber vessel placed 
into a test strip such as illustrated in F.gure 3: 
Figure 5 .s a deta.led perspect.ve view of a dispos- 
able test strip in which one embodiment of the dual 
chamber reaction vessel is integrally molded m to 
the test strip at the left-hand end of .he lest str.p 
Figure 6 .s detailed perspective view of the depos- 
able test stnp of Figure 5 as seen from below: 
40 F.gure 7 is a cross section of the disposable test 
s ,„p of Figures 5 and 6. showing a plunger having 
a chisel-like tip that is used to pierce a membrane 
,n a fluid channel connecting the two chambers to- 
gether to thereby allow the fluid to pass from the 
45 first chamber into the second chamber 

Figure 8 is a perspect.ve v.ew of the left hand end 
of the test strip of Figures 5-7 shown enlarged ,n 
order to better illustrate the dual chamber reaction 

VGSSSl 

50 Figure 9 is a detailed perspective view of a dispos- 
able test stnp ol Figure 5 as seen from below shown 
greatly enlarged and w.th the cap covering the 
base of the f.rsl chamber and .ntermed.ate chamber 

removed . 

55 F,gure 10 .s a top plan view of the dual chamber 
reaction vessel of F.gures 5-9 shown enlarged^ 
F.qure 11 «s a deta.led cross section ol the dual 
chamber reaction vessel with the lower cap re- 
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moved as .n F.gu.e 9 and with the plunge, re- 

F.gme 12 is a detailed cross section ot the dual 
chamber reaction vessel with the lower cap and 
plunger installed as they would be in use 
Figure 1 3 is a perspective view of the plunge, o. F.g- 

RgJre 14 is anothe. perspective view ol the plung- 

Fiaure 15 is an elevational view ot the plunger. 
Figure 16 is a perspective view ol the cap that cov- 
ers the base of the first chamber and the interme- 
diate chamber of the reaction vessel of F.gures 8 

Rg^re 17 is a cross-section of the cap of 
Figure 18 is a perspect.ve view of the base of cap 

pSlQ^a perspective view of a stand-alone dis- 
posable dual chamber reaction vessel that is de- 
signed to snap into the test strip of the type shown 
in Figure 5 in the manner suggested in Figure 4: 
Figure 20 is a perspective view of the stand-alone 
disposable dual chamber reaction vessel of Figure 
19. with a lower cap as shown in Figures 16-18 re- 

Rgure 21 is perspective view of an alternative con- 
struction of the stand-alone disposable dual cham- 
ber reaction vessel of Figure 1 9 
Figure 22 is a cross-sectional view ol the embodi- 
ment of Figure 21: 
Figure 23 is a cross-sectional view of the embodi- 
m en, of Figure 21 showing the action of the helical 
thimble valve being deformed by a vacuum plunge 
and the flow of fluid sample from the first chamber 
into the second chamber: 
Figure 24 is a perspective view of the helical thimble 
valve of Figures 22 and 23. 
Figure 25 is a sectional view of the embodiment of 
F.qure 21 showing the flow of fluid through the de- 
vice Irom the first chamber into the second cham- 

Rgure 26 is a perspective view of another embed- 
ment ol the disposable reaction chamber in accord- 
ance with the invention designed to snap into the 
,est strip in the manner suggested in Figure 4: 
Figure 27 is a cross-section ol the embodiment ol 
Figure 26 showing an enzyme plunger carrying an 
enzyme pellet for introduction into the amplification 
well 

Figure 28 is a cross-section of a test strip incorpo- 
rating the embodiment ol Figure 26. 
Figures 29A-29C show the use ol the test strip ol 

Sure 30 is a schematic represeniat.on ol an em- 
bodiment of a dual chamber disposable reaction 
vesse , ,n which a plunger ,s activated to mcrea e 
,he fluid pressure .n the first reaction chamber to 
break a seal m a fluid channel connecting the first 
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chamber to the second chamber and lo.ee a reac^ 
„on solution in the first chambe. into the second 
chambe. to. the amplification .eact.on to take place 
Figu.e 31 is a perspect.ve view ol a stand-alone am- 
plication processing station lor the test stnps hav- 
,nq the dual chamber react-on vessels m accord- 
ance with a presently preferred form ol the mven- 

Rgure 32 is a perspective view of one ol the ampli- 
fication modules of Figure 31 as seen from the rear 
ot the module. 

Figure 33 is a perspect.ve view ol the front of the 

module of Figure 32: 

Figure 34 is another perspective view of the module 

of Figure 33: 

Figure 35 is a detailed perspective view of a portion 
o. the test strip holder and 95 degree C Peltier heat- 
ing subsystems ol the module of Figures 32-34: 
Figure 36 is an isolated perspect.ve view of the test 
strip holder of Figure 35. showing two test strips in 
accordance with Figure 5 installed in the test strip 

holder ~f .ha toe. 

F,gure 37 is a detailed perspect.ve view of the test 
strip holder or tray of Figure 33: 
Figure 38 is a block diagram of the electronics of 
the amplification processing station of F.gure 33. 
Figure 39 is a diagram of the vacuum subsystem 
for the amplification processing station of Figure 3 
Figure 40 is a graph of the thermal cycle of the sta- 
tion of Figure 31 

Figure 41 is a perspective view ol another embod- 
iment of a dual chamber reaction vessel that « suit- 
ed for use with the test strip ot Figure 3 and the re- 
action processing station ol Figures 30-39. 
Sure 42 is a vertical sectional v.ew o. the vessel 
of Figure 41 along the line 42-42 of Figure 41 : 
Figure 43 is a top view of of the vessel of Figure 42 
Fiqure 44 is a detailed illustration of how the conduit 
and external constriction device work together ,n a 
first possible embodiment of the vessel ol Figure 41 . 
Fiqure 45 is a deta.led illustration of how the conduit 
and external constriction device work together in a 
second possible embodiment of the vessel of Fig- 
Figures 46 is a schematic representation of a dual 
chamber reaction vessel in accordance with one 
possible embodiment of the invention with the 
schematic representation corresponding for exam- 
Die to the embodiment of FIG 41 and 
Fiqure 47A-47F are schematic drawings showing 
the diflerent stages of a process for transferring re- 
agent solutions into the vessel and from the first 
chamber to the second chamber 

; A preferred lorm ol the invention provides lor a dual 
chamber or -binary" reaction vessel The term 'binary 
efeTs to the characteristic o. the vessel o. storing in a 
spatially separated tashion a. least two diflerent rea- 
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cents tor example a heal stable sample/amplification 
reagent.s) containing lor example primers and nucle_ 
o„des m one chamber and heat labile enzyme(s) such 
as T7 and RT ,n the second chamber The reagents w.h- 
,n the two chambers are no. m contact pnor to comple- 
tion ol the denaturation and cooling steps The first 
chamber rs accessible via a pierceable membrane or 
other means so as to permit a patient or clin.cal or con- 
Z sample(s) in liquid lorm to be added into the firs 
chamber The second chamber is sealed and contains 
,he enzymatic components ol the amplification reaction. 
The enzymatic components may be in several physical 
forms, such as liquid, pellelized. lyophilized, etc. After 
the contents of the first chamber is brought into contact 
with the second chamber, the reaction can then take 
place, such as in the second chamber. 

In one possible form of the invention, the two cham- 
bers may be part of an integrated disposable unit In an- 
other possible embodiment, the two chambers may be 
two distinct units which have complementary engaging 
surfaces or features that allow the two units to be com- 
bined into a single unit. In the first embodiment where 
the two chambers are part of a unitary article, the unit 
must be made to prohibit the exchange of materials be- 
tween the two chambers during shipping and prior to the 
denaturation (heating) step In both e^iments a 
mechanism is required by which the contents of the first 
chamber (the patient or test sample and amplification 
reagent(s) mix after denaturation and primer annealing) 
is brought into contact with the enzyme(s) in the second 
chamber. The mechanism operates to introduce the 
contents of the first chamber into the second chamber 
following the completion of the denaturation step and 
the cooling of the patient sample/amplification mix to the 
appropriate temperature for the enzymatic amplification 
reaction, e g 42 degrees C. Several different mecha- 
nisms are described in detail herein. 

Fiqure 1 is a schematic representation of a dispos- 
able dual chamber reaction vessel 10 and the heating 
steps associated therewith to perform an isothermal re- 
action i e a TMA reaction in accordance with one pos- 
sible embodiment of the invention Chamber A contains 
the amplification reagents or mix. namely deoxynucle- 
otides. primers MgCI 2 and other salts and buffer com- 
ponents Chamber B contams the amplification enzyme 
(s) that catalyzes the amplification reaction e.g.- ^ 
and/or RT After addition of the targets (or patient sam- 
ple) into chamber A heat ,s applied to chamber A to de- 
nature the DN A nucleic acd targets and/or remove RN A 
secondary structure The temperature ol chamber A is 
then quickly cooled down to allow primer annealing 
Subsequently the solution o. chamber A ,s brought into 
contact with chambers Chambers A and B now ,n fluid 
communication with each other, are then maintained at 
the opumum temperature lor the amplification reaction 
eo 42 degrees C By spatially separating chamber A 
from chamber B and applying the heat lor denaturation 
to chamber A only the thermolab.le enzymes in cham- 



ber B are protected from .nact.vat.on during the dena- 
turation step 

Figure 2 is a schematic representation ol an alter- 
native lorm ol the invention ,n which two separate reac- 
5 ,,on chambers 1 2 and 1 4 are combined to lorm a dual 
chamber reaction vessel 10 Like the embodiment ol 
Fiqure 1 Chamber A is pre-loaded during a manufac- 
turing step with an amplification reagent(s) or mix^ 
namely nucleotides primers MgCt, and other salts and 
w buffer components Chamber B is pre-loaded during 
manufacturing with the amplification enzyme(s) that cat- 
alyzes the amplification reaction, e.g., T7 and/or Ri flu- 
id sample is then introduced into chamber A. The sam- 
ple is heated for denaturation of nucleic acids to 95 de- 
is qrees C in chamber A After cooling chamber A to 42 
deqrees C. the solution in chamber A is brought into con- 
tact with the enzymes in chamber B to trigger the iso- 
thermal amplification reaction. 

If the reaction vessel is designed such that, after 
20 having brought the contents of chambers A and B into 
contact, the amplification chamber does not allow any 
exchange of materials with the environment a closed 
system amplification is realized which minimizes the risk 
of contaminating the amplification reaction with heterol- 
25 ogous targets or amplification products from previous 
reactions or the environment. 

Figure 3 is a schematic representation of two alter- 
native dual chamber reaction vessels 10 and 10' that 
are snapped into place in a test strip 19 for processing 
so with a solid phase receptacle and optical equipment ,n 
accordance with a preferred embodiment of the inven- 
tion In the embodiments of Figure 3 a unidirectional 
flow system is provided. The sample is first introduced 
into chamber A for heating to the denaturation temper- 
35 ature Chamber A contains the dried amplification rea- 
gent mix 16 After cooling, the fluid is transferred to 
chamber B containing the dried enzyme(s) 18 in the 
form of a pellet. Chamber B is maintained at 42 degrees 
C after the fluid sample is introduced into Chamber B 
40 The amplification reaction takes place in Chamber B at 
the optimum reaction temperature (e g 42 degrees C). 
After the reaction is completed, the test strip 19 is then 
processed in a machine such as the VIDAS instrument 
commercially available from biomMerieux V.tek Inc. 
45 Hazelwood Missouri, the assignee of the present inven- 
tion. Persons of skill in the art are familiar with the VI DAS 

instrument. . , , 

The unidirectional flow features could be provided 
by a suitable one-way valve such as check valve 20 in 
so the fluid conduit 22 connecting chambers A and B. The 
action ol transferring the fluid from chamber A to cham- 
ber B could be by any ol several possible methods such 
as by introduction ol fluid pressure in the solution in 
chamber A (such as by a piston) or applying a vacuum 
55 tochamber B to draw the solution through the fluid chan- 
nel 22 Examples of these methods are described in de- 

lail below . 
The steps ol heating and cooling ol chamber A 
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could be performed pnor 10 me .nsemon of the dua, 
chamber disposable react.on vessel 10 or 10 into the 
Ss,Xl6 or alternately suitable heal.ng elements 
coM be P^ced ad,acen, to the left hand end 24 o. the 
Z t stnp 19 n order to provide the proper temperature 
control o. the reaction chamber A. The st. d alone a, 
olif.cation processing station ol Figures 31-40 de 
SS?b.L incorporates suitable heanng e^ 
and contro. systems to prov.de the proper temperature 
control lor the reaction vesseMO. 

Rgure 4 ,s a schematic representation of an alter- 
native embodiment ol a dua. chamber react.on vessel 
10" formed from two separate interlocking vessels OA 
and 10B that are combined in a manner to permK a fluid 
Smp^onechambertonowtotheother^ 
bined dual chamber vessel 10 ■ ptocec into^ a test s^np 
19 such as described above in F.gure 3. The fluid sam 
pfe is introduced into chamber A. which contains the 
dnU amplication reagent mix 16. Vessel A . * Mhen 
heated ofl-line to 95 degrees C. then cooled to 42 de 
^ees C The two vessels A and B are brought together 
'by means of a corwent.ona. snap fit betwe< ,n comple- 
mentary locking surfaces on the tube ^ecUon 26 on 
chamber B and the recessed condu.t 28 on chamber £ 
The mixing o, the sample solut.on from chamber p , wKh 
the enzyme(s) from chamber B occurs since the two 
chamberTa re in fluid commumcat.on with each other 
as indicated by the arrow 30 The sample can then be 
amplified in the combined dua. chamber disposable re- 
ason vessel 10 " off-line, or on-line by snapp.n ,the 
combined disposable vessel 1 0 » into a mooted VIDAS 
strip The VIDAS instrument could perform the detection 
of he amplification react.on products in known fash «a 
Figure 5 is a detailed perspective v.ew of a modrf.ed 
disposable test strip 1 9 similar to that used .n the VIDAS 
instrument in which a dual chamber reaction , vesseMO 
comprising a first chamber 32 ^ 
34 is integrally molded into the test strip 1 9 at the left 
hand end 24 of the test strip The test str.p 19 includes 
a plu rality of wells to the right of the dua. chamber reac- 
tion vessel 10 These wel.s mc.ude a probe well 3a a 
S^ridization we.. 38 an empty well 40. four puffer 
wells 42 44 46 and 48 and a well 50 for containing a 
bleach solution. A substrate cuvette 52 is .nsened into 
me opening 52 at the right hand end 54 of the strip for 
^ZZce of optical analysis The test strip 1 9 is used 

SScUon w„h a SPR®. no, shown in the Rawing 
which ,s used to draw a fluid sample out of tneampM. 
Z 1 well 34 The SPR .s then dipped .nto the other 
we is 36 0 dunng the test procedure ,n known lash on 
To perform the analys.s for example as performed in the 
commercally ava.lable VIDAS instrument 

F.gure 6 is a deta.led perspective v.ew of a d.spos 
able test strip of Figure 5 as seen from below Figure 7 
?s across section o! the disposable tes, 
5 and 6 showing a plunger 56 hav.ng a ch.se.-hke t p a. 
,he lower end thereo. that is used to pierce . ^mjane 
,n a fluid channel connecting the two chambers 32 and 



34 together to thereby allow the fluid to pass from the 
J! chamber 32 .nto the second or ampliation cham- 

Rgure 8 is a perspec.rve v.ew of the .eft hand end 
5 of the 'est strip of F.gures 5-7 shown enlarged in order 
to better illustrate the dual chamber readon vessel I a 
Figure 9 is a detailed perspective view of a disposable 
fes. strip of Figure 5 as seen from below shown greatly 
enfarged. and with a cap 60 (Figure 12) covering the 
w base of the first chamber and the intermediate chamber 
or fluid channe. removed to better i.lustrate the structure 

* ^FiguTtO is a top plan v.ew o, the dua. chamber 
reaction vessel of Figures 5-9 shown enlarged. Figure 
,s iTs a detailed cross-section of the dual chamber reac- 
tion vessel with the lower cap removed as .n Figure 9 
and with the plunger removed. Figure 12 is a detaOed 
cross section of the dua. chamber reaction vessel with 
the .ower cap 60 and p.unger 56 installed as they would 

20 ^ ' Referring* Figures 5-12. the test strip 19 includes 
a molded body 62 that defines the walls of a reaction 
vessel 10. The vesse. 10 inc.udes a f.rst chamber 32 in 
wh,ch a dried amplification reagent m.x « placed a the 
25 bottom of the chamber 32 du manufacturing of the 
eststnp19.Po.ypropylene,s 

in molding the device 10 and test strip 19, and a thick 
ness of 40 mils for the walls defining the chambers 32 
and 34 ,s adequate in the illustrated operauona. embod- 
30 iment. The wells of the test strip, including the firs and 
second chambers 32 and 34. respectively, are covered 
a thin film or membrane 64 after manufacture^ 
Thown in Figures 7. 11 . 12. to sea. a,, o the w.l ^and 
reaction vessel 10. The membrane (such as PET. com 
ss monl known as MYLAR or aluminum ^ 

prine polyethylene/polypropylene mix adhesive) s re 
moved from Figures 5, 8 and 10 in order to illustrate the 
structures in the test strip 19 

The bottom of the first chamber 32 is capped by a 
J0 capeOthat.sultrasonicallywe.dedtothebottomsuHace 
68 of the wal.s defining the first chamber The cap 60 is 
shown greatly enlarged in Figures 16-18 and discussed 
below The cap 60 provides a fluid passage from the 
base of the firs, chamber 32 to the base of anjnwmj 
,5 d,ary fluid passage 70 connecting the ^« 
to the second chamber 34 A plunger 56 with a chisel 
S is positioned in the intermediary f.uid passage 
70 TSe chise. tip of the p.unger 56 breaks a membra e 
or seal 72 (Figure 9) in the fluid passage (flashed mold- 
so ed n the fluid passage during molding) when the plunger 
56 s depressed from above This allows fluid to migrate 
from the I, st chamber 32 into the fluid passage 7 I up 
a ,ong the side of the p.unger 56 and into a second .chan- 
nel 74 (Figures 8 and 10) communicating w.th a enzyme 
ss pellet chamber 76 that contains the enzyme pellet (no 
shown) The fluid sample dissolves the enzyme , peHel 
as° travels through the enzyme pellet chamber 76 into 
fhe second or ampl.-.cat.on chamber 34 ,see Figure B , 
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. -n /Cinnrp hUq nrovided in fluid com- 
A vacuum port =0 (F-igure ^ ) lb H ,uv uc 

mu n,ca.ion wi.h the second chamber 34 A Por ex poly- 
ethylene tmer (not shown) ,s positioned wrthm the vac 

I pen 60 Vacuum ,s used to effectuate the transfer 
o L Ld sample .rom the first chamber 32 to the .ec- 
ond chamber 34 alter the plunger 56 has been moved 
°o the lower posit-on to break the sea. 72. A vacuum ,m- 
p°emen, containing a vacuum probe or tube , (see e£ 
f Jure 33) is inserted into the vacuum port 80 , , a man- 
ner such that a seal is formed in the top surface 82 of 
the s" . "adjacent the vacuum port 80 Vacuum is drawn 

n the vacuum tube. The pressure difference resulting 

uum in the second chamber 34 draws fluid up he inter 
mediate chamber or fluid passage 70 and into the chan 
nel 74 and pellet chamber 76 and into the second cham- 

Rqure 13 is an isolated perspective view of the 
plunger 56 of Figure 12. Figure 14 is another perspec- 
£,e Tew of the plunger 56. shown from below Rgu e 
5 is an e.evationa. view of the p.unger 15 Referring to 
Figures 13-15 the p.unger includes a cy.mdncally- 
shaped body 90 having a chise, 92 at the tower end 
hereof and a head portion 94 The head portion 94 ,rv 
etudes a circu.ar ring 96 with voids 98 formed therein o 
promote the drawing of a vacuum in the -termed ate 
chamber 70 (Figures 8 -12) in which the plunger .s in- 
stalled The head 94 has downwardly depending feet 
00 that seat on a rim 102 (Figure 11) inside the inter- 
mediate chamber 70 when the p.unger 65 has bean de- 
pressed to its lowermost position, as shown -n Figure 
12 The ch,sel 92 has a tip 104 that breaks through he 
sea i or membrane 72 obstructing the passage of fluid 
up he intermediate channel 70. The seal 72 ,s best 
snowing Figures 9. 11 and 12. Figure « 8 
placement of the chisel 92 just above the sea. 72 as , 
would be whi.e the heating to 95 degrees C in the first 
Chamber 32 is occurring and during the cool-down pe- 

As shown in F,gure 14 the plunger has a V-shaped 
groove 106 in the side of the plunger body 90 that pro- 
vides a channel for fluid to rise up the length of ^cy- 
lindrical body 90 of the plunger to the elevation of chan- 
nel 74 (Figure 1 0) connecting the intermediate chamber 
70 with the enzyme pellet chamber 76 

Figure 16 is a perspective view of the top surface 
o. the cap 60 fha. covers the base of the first chamber 
0 , the rea P c„on vessel of F.gures 8 and 9 shown great, 
enlarqed Figure 17 is a cross-section of the cap 60 of 
" 6 ^ure 18 is a perspective view of the base 
XpSO ReLing to these figures in con.unct.on with 
F gures 6 and 9 it w,.. be seen from Figure 8 fha. ; w hou, 
the cap 60 there is no base to the f.rst chamber 32 and 
no fluid passage between the f.rs, chamber 32 and the 
.ntermediary chamber 70 The cap 60 provides the base 
'onhe firs, chamber 32 and the passage between ,h 
hrsi chamber 32 and the m.ermed.a.e chambe 7C . The 
cap 60 includes a shallow tray 110 positioned to form a 



base o. the f.rst chamber 32 The fray 110 slopes down- 
ward.y »o a small passage n2 linking .he sha.tow tray 
, , 0 to a c,rcu.ar.y shaped reservoir 1 1 4 that is ,n vertical 
a„gnment with the circu.ar wa.. 116 of the 
5 chamber (see Figure 9). The semi ' ectan 9 Ula ;, an ^ d 
'circular r,m 118 of the cap 60 is ul.rasonical.y bonded 
to the bottom portions 68 and 116 o. the first and in e, 
mediate chambers respectively, as shown ,n Figur 6 
in the installed condition, when the fluid sample has 
,o been in reduced info the firs, chamber 32. the fluid w,.l 
Ssintothechanne. 112 and reservoir 
, v below the sea. 72 in the mtermed.a.e chamber (see 
Figure 9) Thus, when the seal 72 is broken by the plung- 
er 56 and vacuum is drawn from the vacuum port 80 o 
,s Figure 8 the solution of the fluid sample and reagen 
I the f.rst chamber 32 wil. be drawn up the side of 
he plunger 56 and into the enzyme pellet chamber 76. 
dissolving the peflet, and into second chamber 34 where 
the amplification reaction takes place. 

Referring to Figure 5 after the amp.if.ca.ion reac- 
tion has occurred in the second chamber 34 at the prop- 
er temperature, the SPR (not shown, is 'owered into the 
second chamber 34 and a portion of the amplified sam- 
ple ts withdrawn into the SPR The SPR and test strip 
25 are moved relative to each other such that the SPR is 
posmoned above the accent probe we.. 38. whereup- 
on ,t is lowered into the probe well 36 The rest of the 
analytical processes with the SPR and test stop are com 
ventional and well known in the art. For example the 
30 process may be implemented in the manner performed 
by the VI DAS instrument of the applicants assignee 

Figure 1 9 is a perspective view of a stand-alone dis- 
posable dual chamber reaction vesse. 10 that , > de- 
nned to snap into the test strip 19 of the type shown 
35 figure 5 in the manner suggested in Figure 4 Figure 
20 is a perspective v.ew of the stand-alone disposable 
dua. chamber reaction vesse. of Figure 1 9 shown upside 

down with a .ower cap constructed as shown , ,n Figure 
, 6-1 8 to cover the base of the first chamber 32 and in- 
,o termedia.e chamber 70 removed A thin film or to,, type 
membrane is app.ied to the top surface ofthe ^reaction 
vessel 10. m a manner to cover the first chamber 32. the 
intermediate chamber 34. enzyme peflet chamber 76 
second chamber 34 and vacuum port 80 The fflm » not 
JS shown in Figure 1 9 in order to better il.ustrate he s»uc- 
tures of the reaction vesse. 1 0 Further a p.unger for he 
in «ermed,ate chamber 70 is also no, showrv On ce 
s,and-a.one disposable reaction vessel of Figures J 9 
and 20 has been installed into the test strip the opera- 
so Ton oHhe embodiment of Figures 19 and 20 is exactly 
as described above 

To accommodate the vessel of Figures 19 and 20 
■nto the test strip 1 9 o. Figures 5 and 6 the test strip 19 
. modified by providing an aperture .n the .e., hand end 
5S 24 of .he test strip ad.acent .o the probe we.. 36 and 
providing sui.ab.e ra.l structures to allow a pair of flanges 
,20 on the periphery of .he uni, 10 to snap m o .he test 
strips o. course ,, will be understood .ha. al.er mold- 
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,nq ot the reaction vessel ol F,g U re 19 the nucle,c acid 
and amplication reagent w.ll be added to the first cham- 
ber 32 and the enzyme pellet is added to the enzyme 
pellet chamber 76 Then the film covering the entire top 
surlace ol the vessel 10 will be appl.ed to seal the cham- 
bers The device is then ready tor use as descnbed 
herein. 

Figure 21 is perspective view of yet another alter- 
native construction ot the disposable dual chamber re- 
action vessel 10 of Figure 19 that can be molded .nto 
the test strip or made as a separate unit to snap into a 
test strip 19 as described above. The vessel 10 has a 
first chamber 32 and a second chamber 34 and an in- 
termediate chamber 70 linking the two chambers 32 and 
34 together. The base of the first chamber 32 has a hole 
that is plugged with a cap 60 that is ultrasonically welded 
to the base of the housing 130. The cap 60 ,s spaced 
slightly from the bottom surface of a wall 132 forming 
the side of the first chamber 32. thereby defin.ng a small 
passage 1 34 for fluid to flow out of the first chamber .nto 
the intermediate chamber 70. Amplification reagents 16 
for the denaturation step are loaded into the base of the 
chamber 32 of the reaction vessel 10. as shown in Fig- 
ure 25. An enzyme pellet 18 is loaded into the secondary 
chamber 34. 

An elastomeric thimble-shaped valve element 140 
having helical rib features 142. shown isolated in Figure 
24 is positioned in the intermediate chamber 70. Figure 
22 is a cross-sectional view of the embodiment of Figure 
21 showing the thimble valve 140 in the intermediate 
chamber 70 A filter 144 is positioned above the top of 
the thimble valve 144. In its relaxed state, a lower cir- 
cumferential rib 148 on the thimble valve 140 and the 
exterior surfaces of the helical rib feature 1 42 on the side 
walls of the thimble valve 1 40 make contact with the wall 
of the intermediate chamber 70. sealing off the chamber 
70 and preventing fluid from passing from the gap 134 
separating the cap 60 from the wall 1 32. up the interme- 
diate chamber 70 and into the secondary chamber 34 
The resilient thimble valve 140 is deformable such 
that the lower circumferential rib 148 may be moved 
away from the wall of the intermediate chamber 70. This 
,s achieved by inserting an element 152 into the interior 
of the thimble valve 1 40 and pressing on the wall portion 
149 of the valve 140 to stretch and deform the end wall 
and adjacent shoulder of the thimble valve Figure 23 is 
a cross-sectional view of the embodiment of Figure 21 
showing the action of the helical thimble valve 140 being 
deformed by a vacuum plunger 1 52 that is inserted into 
the interior of the thimble valve 140. The end ol the vac- 
uum plunger presses against the wall 149 as shown in 
Figure 23 pulling the lower circumferential rib away 
from the wall of the intermediate chamber 70 The heli- 
cal rib feature 142 stays in contact with the cylindrical 
wall of the chamber 70 At the same time vacuum .s 
drawn through an aperture ,n the side of the vacuum 
plunger 1 52 to pull air out of the secondary chamber 34 
and through the filter 1 44 .nto the vacuum plunger 1 52 



Th.s vacuum action draws fluid out of the base ol the 
first chamber 32 and up vertically in a helical path along 
the helical port defined between the helical rib feature 
142 and the wall of the intermediate chamber 70 Sub- 
s stantially all of the patient sample/reagent solution in the 
t.rst well 32 is removed in accordance with this embod- 
iment The solution passes from the upper end of the 
helical feature 142 into a gap 150 connecting the inter- 
mediate chamber 70 with the second chamber 34. This 
10 is illustrated best in Figures 23 and 25 

The embodiment of Figures 21-23 has the advan- 
tage that the opening of the thimble valve 140 tends to 
cause any oil in the amplification reagent mix in the first 
chamber that may find its way to the base of the inter- 
rs mediate chamber 70 to be blown back toward the first 
chamber, acting in the manner of a common plunger, 
and allow the fluid sample and reagent solution to take 
its place Where the amplification reagent contains an 
oil such as a silicone oil. it is important that the oil is not 
20 the first substance to migrate into the second chamber, 
as this can cause the oil to coat the enzyme pellet in the 
second chamber, which can interfere with the amplifica- 
tion reaction in the second chamber 34. Thus, preferably 
the thimble valve 140 is designed such that when the 
25 wall 1 49 of the thimble valve 1 40 is activated by the vac- 
uum probe 152. any oil that may lie at the base of the 
intermediate chamber 70 is initially forced back into the 
first chamber 32. Once the lower rib 148 of the thimble 
valve 140 is moved away from the wall of the interme- 
30 diate chamber 70. the drawing of the vacuum in the sec- 
ond chamber allows the fluid sample/reagent solution to 
be drawn into the second chamber as described above. 

Figure 26 is a perspective view of yet another em- 
bodiment of the disposable reaction vessel 150 in ac- 
35 cordance with the invention The reaction vessel 1 50 is 
designed to snap into the test strip 19 of Figure 8 in the 
manner suggested in Figure 4 and described above. 
Figure 27 is a cross-section of the embodiment of Figure 
26 Referring to Figures 26 and 27. the disposable re- 
40 action vessel 1 50 comprises a unitary housing 1 52 that 
defines a first chamber or amplification well 154 which 
has loaded in it an amplification pellet or dried reagent 
mix 16 for the denaturation step in the TMA process. 
The amplification well 154 is separated from a second 
45 chamber 156 by a heat and moisture isolation barrier 
1 58 The second chamber contains an enzyme plunger 
or carrier 160 for containing an enzyme pellet 18 for in- 
troduction into the amplification well 154 after the fluid 
sample has been introduced into the amplification well 
so 1 54 and the denaturation process has been completed 
The enzyme plunger 160 has a recessed surface 162 
lor receiving an implement through the open.ng at the 
top of the chamber 1 56 A foil layer 1 64 is appl.ed to the 
top surface of the reaction vessel 150 as shown 
55 Figure 28 is a cross-section of a test strip 19 incor- 

porating the embodiment ol Figure 26 The reaction ves- 
sel 150 can be manufactured as a stand-alone dispos- 
able unit as suggested m Figures 26 or 27 and snapped 
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.nto Dlace in a test strip as shown .n Figure 26 or «he 
est s t ol Ftguf e 26 may be manufactured w.th me am- 
p, ca on weSot Figure 31 as an mtegra. part o. the test 
s r p 1 9 ,tse... in the pre.erred embodiment, the unit 1 50 
? manufactured as an Integra, part of the test strip The 
tesTstrip 19 has a s.iding cover 164 posrt.oned at the 
end o. the test strip 19 comprising a gnpp.ng surface 
166 and a plastic label 168 earned by first and second 
mounting structures 170. 

Figures 29A-29C show the use of the test stnp 1 9 
with the disposabfe reaction vessel of Figure 28 In the 
nrst step the sliding cover 164 is pulled back and a p.- 
pe«e 1 72 is inserted through the foil layer 1 64 to deposU 
the fluid sample 176 into the amplification well 54 The 
Dinette 172 is removed and the cover 164 ts slid back 
S e over the amplification we.. 154 into the pos, 
L shown in Figure 29B The amplified, on m*jH .54 « 
heated to 95 degrees C to subject the fluid sample 176 
o dena^ation with the a,d of the amplification , reagent 
oellet 16 The second chamber 156 containing the en- 
zyme pellet 1 8 is not subject to the 95 degree C heating 
Afler the amplification wel. has coo.ed down to ^de- 
grees C. an .mp.ement 180 is inserted .nto the second 
chamber containing the enzyme earner 160 and en- 
zym" pe.,et 1 8 ahd placed -nto contact with the enzyme 
earner 160. The implement 180 is moved further in to 
orce the carrier 1 60 through the heat and moisture m-o- 
,at,on barrier 158. thereby adding the enzyme i peHe 
, 0 the amplification well 154. The enzyme earner 60 
Socks the chamber as shown in Figure 29 ^preventing 
contamination of the amplification we.. 1 54. A cover (no, 
shown) could be slid over the entrance of the second 
chamber or channel if desired The ampWicaUor . w e. 
, 54 is then maintained at a temperature of 42 degrees 
C for roughly one hour for the amp.ificat.on process to 
proceed. After the amplication process is complete, a 
reaoent SPR having at least one reaction zone is insert- 
ed though a membrane 168 or .abe. as shown in Figure 
29 C and a portion of the amplified solution is withdrawn 
fnto the SPR The rest o, the process proceeds ,n known 

'^Figure 30 is a schematic representation of yet an- 
other embodiment of a dua. chamber disposable reac- 
tion vessel 10 The fluid sample is loaded into the first 
hambe 32 and denaturat.on and primer annea.ing 
X* are performed in the first chamber 32. w.th the aid 
o, an amplification mix reagent loaded into the ^.rs 
chamber After the first chamber has coo.ed to 42 de 
arees C a piston mechamsm 184 ,s applied to the firs 
chamber 184 to increase the fluid pressure m the firs 
eacton chamber to break a sea. 1 66 in a fluid channe, 
SS connecting the firs, chamber 32 to the second 
chamber 34 The fluid sample is forced from the fust 
chamber 32 into the second chamber 34 The second 
chamber ,s loaded with the enzyme pellet 1e The am 
pScation reacon takes place ,n the , seeonc ^chamber 
34 a. a temperature of 42 degrees C The p-ston o4 
may be mcorporated as a cap structure to the reaction 



vessel 10 and wh,ch is depressed by a SPR as shown 
or a separate piston cou.d be used to force the fluid Irom 
the fust chamber 32 into the second chamber 34 

F,gure3i ,s a perspective view of a stand-alone am- 
s p„fica'on reacon processing system 200 for the tes 
strips 19 (see. e.g.. Figures 3 and 5) having the dua. 
" mber reaction vessels ,n accordance 
, y preferred form of the invenflon. The systerr 200 con 
s,sts of two identical amplification stations 202 and 20* 
,o a power supp.y modu.e 206. a contro, circuitry .module 
208. a vacuum tank 210 and connectors 212 for the 
cower supply modu.e 206 The tank 210 has hoses 320 
and 324 for providing vacuum to amp.ificat.on stations 
SS and 204 P and ultimately to a p.ura.ity of vacuum 
,s probes (one per strip) in the manner described above 
for faci.itating transfer of f.uid from the fust chamber to 
, he second chamber. The vacuum subsystem is de- 
scribed below in conjunction with Figure 39. 

The amplification stations 202 and 204 each have 
20 a tray for receiving at .east one of the strips 1 9 of Figure 
5 (in the illustrated embodiment up to 6 strips) and as- 
sorted temperature contro. vacuum anc . va,ve ^activa- 
tion subsystems for heating the react.on wells of the strip 
to "he proper temperatures, effectuating a transferring 
zs of fluid from the first chamber in the dua. chamber reac- 
°on wells to the second chamber, and activating a valve 
such as a thimble va.ve in the embodiment of Figure 22 
to open the f.uid channe. to a.low the f.uid to flow be- 
tween the two chambers. , ^ .„ H 

so The stat.ons 202 and 204 are designed as stand 
alone amplification stations for performing the amphh- 
cation reaction in an automated manner after the patien 
o^Cinica. sample has been added to the 
o, the dua. chamber reaction vessel descr bed above 
3 s The processing of the strips after the reaCor ,,s com- 
pleted with a SPR takes place in a separate machine 
s h as the commercially avai.ab.e V.DAS instrument 
Specific^, after the strips have been placed in ^the swa 
„ons 202 and 204 and the reaction run in the station. 
40 the strips are removed from the stations 202 and 204 
and Placed into a V.DAS instrument for subsequent 
processing and analysis in known fashion. 

The entire system 200 is under ™roprocesso 
contro. by an amplification system interface board (not 
J5 shown in Figure 31). The contro. system ,s shown ,n 
btock diagram form in Figure 38 and wHI be described 

'"'"Referring now to Figure 32. one o, the amp|ifica«.on 
stations 202 is shown in a perspective view The other 
so amotion station ,s o, identical design , and I construe 
t,on Figure 33 is a perspective view of the front of the 

*^^TZ^ -station incudes a 
vacuum probe slide motor 222 and vacuum probes slide 
55 C am wheel 246 that operate to slide a set o. vacuum 
pTbes 244 .shown ,n F.gure 33, for the thimb.e valves 
of F.qure 21 up and down relative to a vacuum probes 
le 246 to open the th.mb.e valves .reference ,n 
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me embodiment of Figures 2! -23) and apply vacuum so 
as to draw me «lu,d from the l.rst chamber o. me reaction 
vessel 10 (e g Figure 21 ) 10 me second chamber The 
vacuum probes 244 reciprocate withm annular recesses 
provided .n the vacuum probes slide 246 The vacuum 
probes 244 are positioned ,n registrv with .he— ^ 
diate chamber 70 in the embodiment o. F.gure 22 or in 
registry with the vacuum port 80 in the embodiment of 

F ' 9U For an embodiment in which the strips are con- 
structed in the manner of Figures 5-12. the vacuum 
probe 244 would incorporate a suitable p.n structure (no. 
shown) immediately adjacent the shaft of the vacuum 
probe 244 that would operate the plunger 56 of Figure 
12 to open the .ntermediate chamber 70 when the vac- 
uum probe 244 is lowered onto the vacuum port Obvi- 
ously proper registry of the pin structure and vacuum 
probe 244 with corresponding structure in the test strip 
as installed on the tray needs to be observed. 

The station includes side walls 228 and 230 that 
provide a frame for the station 202. Tray controller board 
229 ,s mounted between the side walls 228 and 23a 
The electronics module for the station 202 is installed 
on the tray controller board 229 

A set of tray thermal insulation covers 220 are part 
of a thermal subsystem and are provided to envelop a 
tray 240 (Figure 33) that receives one or more of the test 
strips The insulation covers 220 help maintain the tem- 
perature of the tray 240 at the proper temperatures. The 
thermal subsystem also includes a 42 degree C Peltie 
heat sink 242, a portioh of which is positioned adjacent 
to the second chamber in the dual chamber react on 
vesS el in the test strip to maintain that chamber at the 
proper temperature for the enzymatic amplification re- 
action A 95 degree C heat sink 250 is prov.ded for the 
tront of the tray 240 for maintaining the first chamber of 
the reaction well in the test strip at the denaturat.on tem- 

Pera Figure 34 is another perspective view of the module 
of Figure 33 showing the 95 degree C heat sink 250 
and a set of fins 252 dissipating heat. Note that the 95 
degree C heat sink 250 is positioned to the front of and 
slightly below the tray 240 The 42 degree C heat sink 
242 is positioned behind the heat sink 250 

Figure 35 is a detailed perspective v.ew of a portion 
of the tray 240 that holds the test strips (not shown) as 
seen from above The tray 240 includes c . front portion 
having a base 254 and a plurality of discontinuous 
raised parallel ndge structures 256 with recessed tots 
256 for receiving the test strips The base of the front 
254 of the tray 240 is in contact with the 95 degree C 
heat sink 250 The side walls of the parallel raised ridges 
256 at positions 256A and 256B are placed as close as 
possible to the firs, and second chambers o. the reaction 
vessel tOofFigure 1 so as to reduce thermal resistance 
The base ol the rear of the tray 240 is in contact with a 
42 degree C Pe.t.er heal s.nk as best seen ,n Figure 34 
The portion 256B of the raised ndge for the rear ol the 



tray is physically isolated trom portion 256A lo. the front 
ol the tray and portion 256B is in contact with the 42 
deqree C heat s.nk so as to keep the second chamber 
of the reaction vessel in the test str.p at the proper tern- 

Per3 Snl! referring to Figure 35 each of the vacuum 
probes 244 include a rubber gasket 260 When the vac- 
uum probes 244 are lowered by the vacuum probe mo- 
tor 222 (Figure 32) the gaskets 260 are positioned on 
,o the film covering the upper surface of the test strip sur- 
rounding the vacuum port in the dual chamber reaction 
vessel so as to make a tight seal and permit vacuum to 
be drawn on the second chamber 

Fiqure 36 is an isolated perspective view of the test 
,s strip holder or tray 240 of Figure 35. showing two test 
strips 1 9 in accordance with Figure 5 installed in the tray 
240 The tray 240 has a plurality of lanes or slots 241 
receiving up to 6 test strips 1 9 for simultaneous process- 
ng Figure 36 shows the heat s.nks 242 and 250 for 
20 maintaining the respective portions of the tray 240 and 
ridqes 256 at the proper temperature 

Figure 37 is a detailed perspective view of the test 
strip holder or tray 240 as seen from below. The 95 de- 
oree C Peltier heat sink which would be below front por- 
25 Son 254 has been removed in order to better illustrate 
the rear heat sink 242 beneath the rear portion of the 

trav 240. . 

Fiqure 38 is a block diagram of the electronics and 
control system of the amplification processing system 
so of Figure 31. The control system is divided into two 
boards 310 and 311 section A 310 at the top of the oV 
agram devoted to amplification module or station , 202 
and the other board 31 1 (section B) devoted to the o he 
module 204 The two boards 310 and 311 are identical 
35 and only the top section 310 will be discussed. The two 
boards 310 and 311 are connected to an amplification 
station interface board 300 

The interface board 300 communicates with a stand 
alone personal computer 304 via a high speed data bus 
40 302 The personal computer 304 is a conventional IBM 
compatible computer with hard disk drive video monitor 
etc in a preferred embodiment the stations 202 and 
204 are under control by the interface board 300 

The board 310 for station 202 controls the front tray 
JS 240 which is maintained at a temperature of 95 degrees 
C by two Peltier heat sink modules a pair of fans and a 
temperature sensor incorporated into the front portion 
254 of the tray 240. all of which are conventional The 
back of the tray is maintained at a temperature o 42 
so degrees C by two Peltier modules and a «ernperatore 
sensor The movement ol the vacuum probes 244 is 
controlled by the probes motor 222 Pos.t.on sensors 
are provided to prov.de input signals to the tray control- 
ler board as to the position ol the vacuum probes 244 
55 The tray controller board 310 includes a set ol drivers 
312 for the active and passive components ol the sys- 
tem wh,ch receive data Irom me temperature and pos,- 
„on sensors and issue commands to the active compo- 
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nenls , e motors tans Pettier modules etc The ord- 
ers are response to commands from the ampW.cai.on 
menace board 300 The interface boarc ,.so issues 
commands to the vacuum pump for the vacuum subsys- 

RguTe^Q is a diagram of the vacuum subsystem 
320 lor the amplification processing stat.ons 202 and 
204 ol Figure 31. The subsystem includes a I liter rein- 
forced plastic vacuum tank 210 wh.ch is connected via 
an inlet line 322 to a vacuum pump 323 for generating 
a vacuum in the tank 210. A vacuum supply line 324 is 
provided for providing vacuum to a pair of pine ' ^oleno.d 
valves 224 (see Figure 32) via supply lines 324A and 
324B These vacuum supply lines 324A and 324B sup- 
p,y vacuum to a manifold 226 distributing the vacuum to 
the vacuum probes 244. Note the pointed tips 245 of the 
vacuum probes 244 for piercing the film or membrane 
64 (Figure 1 1 ) covering the strip 1 9 The vacuum system 
320 also includes a differential pressure transducer 321 
for monitoring the presence of vacuum in the tank 210. 
The transducer 321 supplies pressure signals to the m- 
terface board 300 of Figure 38. 

Figure 40 is a representative graph of the thermal 
cycle profile of the station of Figure 31 As indicated in 
,ine 400. after an initial ramp up 402 in the temperature 
lasting less than a minute, a first temperature Tl s 
reached (e.g.. a denaturation temperature) which « 
maintained for a predetermined time period, such as 
5-10 minutes, at which t.me a reaction occurs in the first 
chamber of the reaction vessel. Thereafter, a ramp 
down of temperature as indicated at 404 occurs and the 
temperature of the reaction solution in the first chamber 
of the reaction vessel 10 cools to temperature T2 After 
a designated amount of time after cooling to tempera- 
ture T2 e.g.. 42 degrees C a fluid transfer occurs in 
which the solution in the first chamber is conveyed to 
the second chamber. Temperature T2 is maintained for 
an appropriate amount of t.me for the react.on of .mer- 
est such as one hour. At time 406. the temperature is 
ra .sed rapidly to a temperature T3 of > 65 degrees C o 
stop the amplification reaction For a TMA reaction, it is 
fmportan, that the ramp up time from time 406 to time 
408 is brief, that is less than 2 m.nutes and preferably 
less than one minute. Preferably all the ramp up and 
ramp down ol temperatures occur in less than a minute 
Referring now to Figure 41 an alternative and pre- 
lerred constructs for the dual chamber react.on vessel 
that is su.table for use with the react.on processing sta- 
tion of FIGs 30-39 and the test strip descr.bed previ- 
ously is illustrated. This embodiment provides a valve 
means for controlling a connecting conduit linking the 
„rst and second chambers together The valve means 
was particularly simple to put into el.ee. both with re- 
spect to the construct.cn or des.gn ot the react.on vessel 
ancJ w.th respect to the external means requ.red for con- 
troll.ng or activating these components 

The valve means includes three components and 
associated leatures Fust a connecting condu.t is pro- 



vded wh,ch ,s flexible that .s to say having an internal 
cross-section ol flow wh.ch can be reduced s.mply by 
the appl.cat.on ol externa, pressure or hav.ng a wall 
which can yield (. e deflect .nwardly). aga.n by the ap- 
s p.ication o. this externa, pressure Second a sealing 
p.ece or ball element is disposed with.n the conduit This 
seal piece provides a hermetic seal w.thin the connect- 
ing conduit. The seal piece is held in the condu.t by the 
wall of the conduit being pressed against the externa 
,o surface of the sea. piece. Thirdly the condu.t ant I seal 
piece are adapted to work together w.th an external de- 
vice lor constricting the conduit element externally, and 
set up or positioned in relation to this external dev.ee to 
create a primary or interstitial passage within this can- 
ts du,« p.ece at the point where the seal piece is located 
Referring now to Figures 41 to 43. a dual chambe 
reaction vessel 10 in accordance with this embodiment 
.ncludes a molded body 512 of plastic material The two 
flat faces at the front and rear of the body are coated 
2 o with two films of materia. (513 and 514 respecUvely) 
which seal off the first and second react.on chambers 
anrj passages created in the body 512 by the mo.dmg 

Pr ° C Rg S ures 41 and 42 clearly show how the two reac- 
25 tion chambers 502 and 503 are formed, mainly in the 
body section 512, with one chamber 502 be.ng , cyl.ndn- 
cal and tapered in shape and the other 503 hav.ng a 
quadrangular cross-section. These two chambers are 
Led together by a connecting flexible condu.t 504 s.m- 
so °ar to a siphon. One end of the conduit 504 ,s in earn- 
municat.on via a front orifice 510 to the lower part of the 
chamber 502 The other end of the condu.t 504 has a 
rear orifice 511 set at the top of the other chamber 503. 
and pass,ng via a vert.ca. conduit portion 505 wh.ch .s 
35 described in further detail below. 

A means to control, in particular to open the con- 
nection conduit 504 described above is P™*«£ the 
conduit portion 505. In particular, an externa, devjee 508 
is prov.ded for constr.cting the conduit portion 505. The 
40 external device 508 is inserted into the reaction vessel 
10 from the side to which the equipment or control sys- 
tem ,s connected to the conduit portion 505. for example 
from above the test strip when the reaction vessel is po- 
sitioned in a test strip and installed in the processing 
45 station of FIGs. 31-39. 

As shown in FIGs 41 -44. in a first embodiment, the 
conduit portion 505 is flexible meaning that its interna 
cross-section can be reduced by applying an external 
pressure, such as pressure applied peripherally or cen- 
50 inpetally As w.th the body 512. this conduit p.ece 505 
is made from plastic material, such as low dens.ty pol- 
yethylene for example 

A substantially r.g.d seal p.ece 506 consisting ol a 
ball of glass or metal is held m the .nter.or 505a of the 
55 condu,. portion 505 The seal p.ece 506 « held in place 
solely by the lorce ol wall 507 ol the conduit portion be- 
,n 9 pressed against the external sur.ace o. the sea. 
p,ece 506 The seal p.ece 506 and the internal cross- 
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section ot the .ns.de ol the conduit port.on 505a are both 
arranged so that the position tor the seal piece 506 en- 
sures that the seal piece provides a tight seal on the 
inside ol the conduit portion 505a 

The conduit portion 505 consists ol two parts The 
first part 505b has a relatively narrow internal cross-sec- 
t.on m which the seal piece 506 is held by the pressing 
action The second part 505c has a relatively wide in- 
ternal cross-section in which the seal piece 506 cannot 
be held by the press.ng action and therefore falls to the 
bottom of the connecting conduit 504. 

As stated previously, an external device 508 is pro- 
vided on the automatic analysis apparatus side (i.e.. 
above the dual chamber reaction vessel) to constrict the 
conduit portion 505. This external device is represented 
schematically in Figures 43 and 44 by two arms (581 
and 582) fitted with pinch bars (581a and 582a respec- 
tively). Openings 521 and 522 are provided in the body 
51 2 on either side of the conduit portion 505 to allow the 
two arms 581 and 582 to move freely (upwards and 
downwards, for example) and into a position for coop- 
erating with the ball or seal piece 506. For example, and 
with reference to FIG. 33. each of the vacuum probe 
tools 244 may incorporate arm elements 581 and 582 
which cooperate with the seal piece 506 to open the con- 
duit 505 when they (tools 244) are lowered down onto 
the test strip. 

As shown in Figure 44. the external constriction de- 
vice 508 is positioned to move along the conduit portion 

505 and push the seal piece 506 from the first part of 
the conduit portion 505b to the second part 505c without 
coming into contact with it. This allows the seal piece 

506 to fall to the bottom of the conduit portion and free 
or open the passage in the conduit piece. 

Two external stops 505d (Figure 41) are provided 
on the outside of the conduit portion to stop movement, 
for example downward movement, of the arms 81 and 
82. 

Referring now to Figure 45. in a second variation of 
the embodiment of Figure 41 . the wall 507 of the conduit 
device 507 can yield, again by the application of external 
pressure, for example pressure applied peripherally or 
centripetally. when the relatively hard seal piece 506 
comes into contact with it. In this case, the constricting 
device 508 is set up so that when it is in its lowered po- 
sition, it makes an impression of the seal piece 506 in 
the wall 507 to create a lasting internal imprint 509. 
When the external constricting device 508 releases this 
pressure an interstitial passage is created after the con- 
striction device 508 has acted between the seal piece 
and the wall 507 This interstitial passage enables or re- 
leases flow through the connecting conduit 504 The 
dotted line to the left of Figure 45 shows the ball 506 in 
the position it is held in conduit 505 with the solid line 
at the right ol the illustration showing the imprint made 
by the action ol the constricting device 508 

Another representative example ol how the dual 
chamber reactions vessels ol this disclosure may be 



loaded with fluid sample and of how the fluid samples 
may be transferred from one chamber to another will be 
described in conjunction with Figure 46 and 47A-47E 
As shown on Figure 46. a dual chamber reaction 
5 vessel 600 comprising a body 612 made for example 
from molded plastic material: The vessel 600 includes 
a first chamber 602. made from plastic material in com- 
munication with the outside via a conduit 604. with the 
closure and/or opening of this conduit controlled by a 
w system, such as a valve, which is represented schemat- 
ically by reference number 606. One the other side of 
the control system 606. this first conduit is in communi- 
cation with an angled sampling conduit 608. which is de- 
scribed in further detail below. The vessel also includes 
is a second chamber 603 in communication with the first 
chamber 602 only, via a second connecting conduit 605. 
which also has closing and/or opening operations con- 
trolled by a system, such as a valve : which is represent- 
ed by the general reference number 607. The valve 607 
20 and conduit 605 may. for example, take the form of the 
conduit and ball valve described previously, the elasto- 
meic thimble valve and conduit described earlier or the 
spike structure that is operated to pierce a membrane 
and described above. 
25 The component of the type illustrated in Figure 46 
is generally operated within a gaseous external environ- 
ment, at a reference pressure, hereinafter termed high 
pressure, for example atmospheric pressure. 

Further, the first and second chambers are loaded 
30 with reagent and enzymes in the manner described pre- 
viously at the time of manufacture. 

As an example, a first chemical or biochemical re- 
action takes place in the first chamber 602. causing this 
chamber to contain a first reagent, and the reagent prod- 
35 uct obtained in chamber 602 is sub|ected to a further 
reaction in chamber 603. causing chamber 603 to con- 
tain a reagent or product which is different from the re- 
agent originally contained in chamber 602 

A process is illustrated in Figures 47A-47F whereby 
40 a liquid sample 611 contained in an external container, 
a test tube 610 for example, is transferred into the first 
chamber 602 and then into the second chamber 603. 
The second chamber 602 is originally under high pres- 
sure with the second conduit 605 being closed, and 
45 chambers 602 and 603 are isolated from each other. 
With the first conduit 604 being open, the first chamber 
602 is in communication with the external environment 
and is therefore under high pressure HP (see Fig 47 A) 
The first chamber 602 is brought down to a reduced 
50 pressure by the first conduit 604 i.e.. a pressure being 
lower than the pressure termed low pressure which is 
described in further detail below, this is achieved by 
means of an arrangement such as connecting the first 
conduit 604 to an evacuation device or pump 609 (see 
55 Fig 47B) The first conduit 604 is then closed 

The tree end of the angled tube 608 is immersed in 
the liquid 611 to be transferred contained in container 
610 The first conduit 604 is in communication with the 



12 



ClC <EP 067629'** 



23 



EP 0 875 291 A2 



w 



is 



hou.d a. an .mmersed level v.a th.s angled tube 60= with 
me liquid being located .n me gaseous external environ- 
ment and hence sub|ected to h.gh pressure The first 
condu.t is then opened causing the liquid to be trans- 
ferred into the first chamber 602 via the first conduit 604 
(see F.gure 47C. Finally, the pressure in the first cham- 
ber 602 becomes established at a value termed reduced 
pressure (RP) which is greater than the pressure termed 
low pressure mentioned above, although remaining low- 
er than the pressure termed as high pressure 

The first conduit 604 is closed to produce the situ- 
ation shown in Figure 47D. The second condu.t 605 is 
closed and the two chambers 602 and 603 are isolated 
(rom each other, with the second chamber 603 being at 
high pressure with the first condu.t 604 closed, and the 
second chamber 602 being isolated from the outside 
and partially filled with the liquid previously transferred, 
whilst being at reduced pressure 

The second conduit 605 is opened (i.e. , by opening 
the valve 607) causing the pressure in the two cham- 
bers 602 and 603 to become balanced at a pressure 
termed intermediate pressure (IP) which is between the 
high and reduced pressure values - see F.gure 47E) 

The first conduit 604 is then opened causing the 
first chamber 602 to be in communication with the ex- 
ternal high pressure environment and the liquid is trans- 
ferred from the first chamber 602 to the second chamber 
603 via the second conduit 605 (see Figure 47F). The 
pressure in the two chambers finally reaches the high 
pressure value The first condu.t 604 can be sealed per- 
manently when the entire process has been cornpleted^ 
The reaction can them proceed in chamber 603. ui 
course chambers 602 and 603 may be maintained at 
separate temperatures in accordance w.th the pr.nc.ples 
of the invention set forth above 

While presently preferred embod.ments of the in- 
vention have been described here.n. persons of skill in 
the art will appreciate that various modifications and 
changes may be made without departure from the true 
scope and spirit of the invent.on. For example the novel 
reaction vessels and test str.ps can be used in other re- 
actions besides isothermal amplification reactions such 
as TMA The invention is believed to be su.table for 
many isothermal reactions other enzymat.c reactions 
and react,ons requ.r.ng differential heating and contain- 
ment For example, the reference to "denaturation and 
cooling" while specifically applicable to the TMA reac- 
tion can be considered only one possible spec.es of a 
heat d.fferent.al step Further the spatial and tempera- 
ture .solat.on ot the amplification enzyme in the second 
chamber is considered one example of spatial .eolation 
of a heat labile reagent The .nvent.on ,s ^\^ e 
of being used .n other types of react.ons besides TMA 
reactions This true scope and spirit is defined by the 
claims to be interpreted in light of the foregoing 



Claims 



A dual chamber reaction vessel lor a nucleic acid 
amplification reaction characterised in that it com- 
prises 

a first chamber lor receiving a fluid sample the 
said first chamber being loaded with one or 
more amplification reagents, 
a second chamber physically isolated from the 
said first chamber. 

one or more enzymes for the said react.on ei- 
ther in the said second chamber or in fluid com- 
munication with the said second chamber, 
and 

a fluid channel connecting the said first cham- 
ber to the said second chamber. 

2 A vessel as claimed in claim 1 wherein it further 
20 ' comprises a means lor selectively opening the said 

fluid channel to allow a fluid to pass from the said 
first chamber into the said second chamber. 

3 A vessel as claimed in claim 1 or claim 2 wherein 
25 ' the said means for selectively opening the said fluid 

channel comprises a breakable seal, preferably the 
said means for selectively opening the said fluid 
channel comprising a means for creating fluid pres- 
sure in the said sample fluid so as to break the sa.d 
30 seal and enable fluid to flow from the said first cham- 
ber through the said fluid channel into the said sec- 
ond chamber, or the said means for selectively 
opening the said fluid channel comprising a plunger 
reciprocal within the sa.d vessel from a first po- 
35 sition to a second position the sa.d plunger in the 
sa.d second position be.ng operable to cut the said 
seal and thereby open the sa.d fluid channel: or the 
sa.d means for selectively opening the sa.d fluid 
channel comprising a valve preferably a thimble 
40 valve. 

4 A vessel as claimed in any ot claims 1 to 3 wherein 
it further comprises a vacuum port in fluid commu- 
nication with the said second chamber, such that 
45 the application of vacuum to the sa.d vacuum port 
draws the sa.d fluid sample from the sa.d first cham- 
ber into the said second chamber. 

5. A dual chamber react.on vessel character.sed m 
so that it comprises. 

a first chamber and a second chamber joined 
together via a connecting conduit 
and 

a valve means for opening the sa.d conduit 
comprising 

( a) a flexible conduit portion linking the said 
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first and second chambers having a wall 
portion 

(b) a substantially rigid seal piece disposed 
within the said flexible conduit: the said 
seal piece providing a tight seal within the 
said conduit portion and being held in the 
conduit by the said wall of the conduit por- 
tion pressed against the said seal piece: 

and 

(c) an external device for constricting the 
said conduit portion: the said conduit piece 
cooperating with the said external device 
tor constricting the said conduit portion, the 
said conduit portion being positioned in re- 
lation to the said external device such that 
relative motion between the said conduit 
portion and the said external device caus- 
es the said constricting device to act on the 
said seal piece to open the said conduit 
portion and create a passage within the 
said conduit portion at the point where the 
said seal piece is located. 

6. A vessel as claimed in claim 5 wherein the said seal 
piece comprises a ball. 

7. A vessel as claimed in claim 5 or claim 6 wherein 
the said conduit portion, which is preferably made 
from a flexible plastic material, further comprises an 
internal section which may be reduced by the appli- 
cation of an external pressure and consists of a first 
portion having a relatively narrow internal cross- 
section in which the seal piece is held by the wall of 
the said conduit portion, and a second portion with 
a relatively wide cross-section in which the said seal 
piece cannot be held by the said wall the said first 
and second portions being oriented such that the 
said external constriction device may be moved 
along the said conduit portion to push the said seal 
piece from the said first portion to the said second 
portion and. optionally, further comprising at least 
one external stop incorporated on the outside of the 
conduit portion to halt the movement of the constric- 
tion device into the said dual chamber reaction ves- 
sel 

8. A vessel as claimed in any of claims 5 to 7 wherein 
the said conduit piece further comprises a relatively 
yielding wall and the external constriction device is 
operative to make an impression of the shape of the 
outside of the seal piece in the said wall to create 
an imprint on the inside of the said wall to allow an 
interstitial flow between the said seal piece and the 
said wall after action of the constriction device 

9. A vessel as claimed in any of claims 5 to B wherein 
the said first and second reaction vessel and the 
said conduit portion are made from a single mould- 



ing of plastic material 

10. A vessel as claimed in any of claims 5 to 9 wherein 
the said external constriction device comprises a 

5 pair of arms, the said arms cooperating with the said 

seal piece to move the said seal piece from a first 
location in the said conduit portion to a second lo- 
cation in the said conduit portion when the said pair 
of arms are moved relative to the said dual chamber 
to reaction vessel. 

11. A two-piece disposable reaction vessel character- 
ised in that it comprises: 

is a first piece comprising a first chamber contain- 

ing an amplification reagent: 
and 

a second piece comprising a second chamber 
containing an amplification enzyme: 
20 the said first and second pieces being con- 

structed so as to permit the said first and sec- 
ond pieces to be securely joined into a dual 
chamber reaction vessel such that a fluid sam- 
ple in the said first chamber may pass into the 
25 said second chamber. 

12. A reaction vessel for a nucleic acid amplification re- 
action characterised in that it comprises: 

30 an amplification well: 

a channel separated from the said amplification 
well by a heat and moisture barrier: 
a carrier in the said channel carrying an ampli- 
fication enzyme: 
35 the said carrier being moveable within the said 

channel such that the said carrier may be 
moved through the said heat and moisture bar- 
rier to deliver the said enzyme to the said am- 
plification well. 
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13. A nucleic acid amplification station for a test strip 
comprising a dual chamber reaction vessel com- 
prising a first chamber and a second chamber, char- 
acterised in that the station comprises: 

a tray for at least one test strip, the said tray 
comprising a first portion and a second portion 
positioned adjacent to the said first and second 
chambers of the said dual chamber reaction 
vessel respectively 

a temperature control subsystem for the said 
tray maintaining the said first and second por- 
tions of the said tray at first and second different 
amplification reaction temperatures so as to 
maintain the said first and second chambers at 
the said first and second amplification reaction 
temperatures respectively 
a fluid conduit opening mechanism for opening 
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a fluid conduit in the said dual chamber reaction 
vessel to establish fluid communication be- 
tween the said first chamber and the said sec- 
ond chamber 

and. optionally, 
a vacuum subsystem comprising a vacuum 
probe, the said test strip and vacuum probe be- 
ing mutually reciprocable and the said vacuum 
probe cooperating with reaction wells in the 
said test strip for transferring a fluid sample 
from the said first chamber to the said second 
chamber via the said fluid conduit. 

14. A station as claimed in claim 13 wherein the said 
fluid conduit opening mechanism comprises a pin 
for the said test strip reciprocable with the said vac- 
uum probe relative to the said test strip. 

15. A station as claimed in claim 1 3 or claim 1 4 wherein 
the said vacuum probe comprises a tip portion and 
the said fluid conduit opening mechanism compris- 
es the said tip portion of the said vacuum probe. 

1 6. A station as claimed in any of claims 1 3 to 1 5 where- 
in the said temperature control subsystem further 
comprises a first heat sink for heating the said first 
portion of the said test strip to the said first temper- 
ature and a second heat sink : isolated from the said 
first heat sink, for maintaining the said second por- 
tion of the said test strip at the said second temper- 
ature. 

1 7. A station as claimed in any of claims 1 3 to 1 6 where- 
in the said tray comprises a base and a plurality of 
raised ridges defining slots for receiving a plurality 
of test strips, preferably the said raised ridges being 
discontinuous, with a first portion of the said raised 
ridges in contact with a first heat sink and a second 
portion of the said raised ridges in contact with a 
second heat sink. 



18. An amplification processing station characterised in 
that it comprises a dual chamber reaction vessel as 
claimed in claim 10. the said arms reciprocating 
from a first position to a second position and the said 
arms in the said second position, opening the said 
conduit portion 

19. A test strip characterised in that it comprises a re- 
action vessel as claimed in any of claims 1 to 12 
and optionally an optical cuvette for conducting an 
optical analysis of a sample 

20. A test strip for a nucleic acid amplification reaction 
characterised in that it comprises a body portion de- 
fining a plurality ol wells arranged in a row and hav- 
ing a first end and a second end the said second 
end having a cuvette for conducting an optical anal- 



ysis of a sample and an aperture provided >n the 
said body portion adiacent to said first end of said 
test strip for receiving a disposable amplification re- 
action vessel, preferably a vessel as claimed m any 
5 of claims 1 to 12 

21 . A method for conducting a nucleic acid amplification 
reaction characterised in that it comprises 

w providing a dual chamber reaction vessel com- 

prising first and second chambers capable of 
being placed in fluid communication, the said 
dual chamber reaction vessel being loaded with 
one or more amplification reagents in the said 

is first chamber and one or more amplification en- 

zymes in the said second chamber: 
sealing the said first and second chambers with 
the said amplification reagent(s) and amplifica- 
tion enzyme(s) from the environment with a 

20 membrane: 

and : at the time of use of the said dual chamber 
reaction vessel. 

piercing the said membrane with an implement 
and loading a sample into the said first cham- 

25 ber: 

heating the said first chamber and the said 
sample to a first relatively high temperature, 
while maintaining the said second chamber at 
a second relatively low temperature: 

30 cooling the said first chamber and a solution of 

the said sample and the said amplification rea- 
gents) from the said first relatively high tem- 
perature: 

either passing the said solution from the said 
35 first chamber to the said second chamber, or 

introducing the contents of the said second 
chamber into the said first chamber: 
and 

amplifying the said solution either in the said 
40 second chamber or in the said first chamber by 

means of the said amplification enzyme: 

and. optionally, 
applying vacuum to the said second chamber 
so as to draw the said solution through the said 
45 fluid channel from the said first chamber to the 

said second chamber, if the said amplification 
reaction is to occur in the said second chamber. 

22. A method for conducting a nucleic acid amplification 
50 reaction characterised in that it comprises: 

providing a reaction vessel comprising a first 
amplification chamber and a second chamber 
separated from the said amplification chamber 
55 by a heat and moisture barrier 

loading one or more amplification reagents into 
the said amplification chamber and one or more 
amplification enzymes into the said second 
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chamber 

loading a sample into the said amplification 
chamber 

heating the said first chamber and the said 
sample to a first relatively high temperature $ 
greater than or equal to 65 degrees C. while 
maintaining the said enzyme in the said second 
chamber at a second relatively low tempera- 



ture. 

cooling the said first chamber and a solution of 
the said sample and the said amplification rea- 
gent(s): 

introducing the said amplification enzyme(s) in- 
to the said amplification chamber by forcing the 
said enzyme(s) through the said heat and mois- 
ture barrier into the said amplification chamber: 
and 

amplifying the said solution in the said amplifi- 
cation chamber. 

23. A process for transferring a liquid within a reaction 
vessel comprising a first chamber which communi- 
cates with the outside by means of a first conduit, 
and a second chamber which communicates with 
the first chamber by means of a second connecting 
conduit, in the presence of an external gaseous en- 
vironment at a pressure termed high pressure char- 
acterised in that it comprises: 

(a) isolating the said first and second chambers 
from each other by closing the said second con- 
necting conduit, the said first and second cham- 
bers being at the said high pressure: 

(b) reducing the pressure in the said first cham- 
ber to a low pressure lower than the said high 
pressure, the said second chamber being 
maintained at the said high pressure: 

(c) introducing a fluid sample into the said first 
chamber via the said first conduit, the said first 
conduit being placed in fluid communication 
with the said fluid sample, and thereafter clos- 
ing the said first conduit: 

(d) opening the said conduit to cause the pres- 
sure in the two chambers to become balanced 
at an intermediate pressure having a value be- 
tween the said high and low pressures 

(e) opening the said first conduit to cause the 
said first chamber to be in communication with 
the outside at high pressure 

and 

(f) transferring the said liquid from the first 
chamber to the second chamber via the second 
conduit with the pressure in the two chambers 
finally reaching the said high pressure 
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